Study design: Retrospective review of a clinical database. Objectives: To examine treatment modalities of incident appendicular fractures in men with chronic SCI and mortality outcomes by treatment modality. Setting: United States Veterans Health Administration Healthcare System. Methods: This was an observational study of 1979 incident fractures that occurred over 6 years among 12 162 male veterans with traumatic SCI of at least 2 years duration from the Veterans Health Administration (VA) Spinal Cord Dysfunction Registry. Treatment modalities were classified as surgical or nonsurgical treatment. Mortality outcomes at 1 year following the incident fracture were determined by treatment modality. Results: A total of 1281 male veterans with 1979 incident fractures met inclusion criteria for the study. These fractures included 345 (17.4%) upper-extremity fractures and 1634 (82.6%) lower-extremity fractures. A minority of patients (9.4%) were treated with surgery. Amputations and disarticulations accounted for 19.7% of all surgeries (1.3% of all fractures), and the majority of these were done more than 6 weeks following the incident fracture. There were no significant differences in mortality among men with fractures treated surgically compared with those treated nonsurgically. Conclusions: Currently, the majority of appendicular fractures in male patients with chronic SCI are managed nonsurgically within the VA health-care system. There is no difference in mortality by type of treatment.
INTRODUCTION
As of 2012, there were an estimated 2 70 000 individuals in the United States living with a traumatic spinal cord injury (SCI), and this number is expected to increase over time. 1 Osteoporosis-related fractures are a frequent occurrence in SCI patients, as severe loss of bone mineral density of the long bones below the level of spinal injury occurs in nearly all of these patients, 2, 3 predisposing them to fracture with minor or no trauma. In addition, falls are a substantial risk factor for osteoporotic fractures in this population. 4, 5 The exact prevalence of fractures in the SCI population is not known, as some fractures go unrecognized; however, it was recently reported that in male veterans with SCI of at least 2 years duration, there is a 14% 5-year incidence of lower-extremity fractures. 6 Historically, most osteoporotic fractures in SCI patients have been treated conservatively, that is, with immobilization of the limb and not with surgical fixation. [7] [8] [9] [10] However, the studies describing this are 2-3 decades old, have limited sample sizes [7] [8] [9] [10] and may not reflect the advances in surgical techniques and nonsurgical treatments for fractures that are now available. 11, 12 The purpose of this study was to describe how fractures in patients with SCI are currently treated and to determine whether there were differences in mortality by type of fracture treatment.
MATERIALS AND METHODS Patients
The VA spinal cord dysfunction (SCD) Registry is an administrative clinical database maintained by individual VA medical centers to track the population of veterans with SCD (including SCI) followed at each center. These data are also aggregated at a national level; therefore, the SCD Registry represents veterans with SCI/D across the United States. 13 All males included in the SCD Registry from fiscal years 2002 to 2007 with a traumatic SCI of at least 2 years duration were eligible for the analyses. Only those having a SCI of a minimum of 2 years duration were included, as a new steady-state between bone resorption and bone formation is reached~18 months to 2 years following SCI. 14 Information on etiology, duration, level and completeness of the SCI was obtained from the Registry. Diagnoses were determined using VA medical SAS inpatient data sets and the outpatient care file.
The study was approved by the VA institutional review board and the principles of the declaration of Helsinki were followed.
Incident fractures
Fractures were defined using the International Statistical Classification of Diseases: 9th revision, Clinical Modification 15 (ICD-9 codes, Table 1 ). All encounters within a 120-day time frame with the same 3-digit ICD-9 code were considered a single fracture. 16 Pathological fractures (ICD-9 code 733), ill-defined fractures of the lower extremity (ICD-9 code 827.x) and site-unspecified (ICD-9 code 829.x) fractures were excluded. Fractures from high-energy external injuries ('E-coded' 17 ) were excluded except for those from accidental falls (E888.9), which were described separately. Finally, multiple fractures (having unique ICD-9 codes) recorded on the same day were excluded, because, in a subsample chart review, it could be confirmed that these were indeed multiple unique fractures occurring on the same day in only 10% of patients.
Fracture treatment
ICD-9 codes for surgical treatment of fractures are listed in Table 2 . A fracture was considered to be nonsurgically managed if there were no ICD-9 codes present for surgical treatment of a fracture within the first year following the incident fracture.
For the primary analyses, three major groups were defined: single upperextremity fracture, single lower-extremity fracture and multiple fractures (more than one site-specific fracture on a unique day in the study-eligible time period). There is no exact definition in the literature to define time points for primary surgical management versus nonsurgical management of a fracture. For the purposes of this study, a fracture was considered to be surgically managed if an appropriate ICD-9 code for a surgical treatment was present up to 1 year after the incident fracture.
All surgical fracture codes identified in the 1-year period following the fracture were captured. The surgery most proximate to the fracture date was considered as the fracture surgery, if it was consistent with surgical techniques for management of that specific fracture. All surgical codes were reviewed in detail by the orthopedic surgeon on this project. For individuals with multiple fractures within the 6-year study window, baseline characteristics are presented for the patients' first fracture. Mortality is calculated from the last incident fracture.
Finally, the association between heterotopic ossification (HO) and treatment modality was explored. HO is a common complication in SCI, particularly around the hip joint, 18 and has been associated with the formation of contractures 19 and pressure ulcers. 20 HO has been reported to occur after fractures in SCI, although the mechanism is not fully understood. [21] [22] [23] The diagnosis of HO was identified for up to 1 year following an incident fracture (ICD-9 code 728.1x), as HO may have necessitated surgery in a fracture that was initially nonsurgically managed.
Statistical analysis
Bivariate analyses of baseline characteristics of patients were analyzed using χ 2 -tests (or Fisher's exact test) for categorical variables and analysis of variance (ANOVA) for continuous variables. The frequency of surgical and nonsurgical management by fracture site is described. χ 2 analysis was used to determine differences in mortality among fracture groups and between surgically and nonsurgically treated fractures. Statistical significance was set at an alpha equal to or less than 0.05.
RESULTS
Within the VA SCD Registry, there were 12 162 eligible male veterans with a traumatic SCI of at least 2 years duration from fiscal years 2002-2007. The final analysis group included 1979 site-specific fractures in 1281 unique patients ( Figure 1 ). There were 1634 lower-extremity fractures (82.6%) and 345 (17.4%) upper-extremity fractures. The most common upper-extremity fracture site was the humerus, accounting for 27.8% of all upper-extremity fractures (Table 3 ). In the lower extremity, the most common fracture sites (Table 3) were the tibia/fibula (33.2%), the femur (25.6%) and the hip (15.5%). Hip fractures included fractures of the femoral neck, trochanteric, intertrochanteric and subtrochanteric regions of the femur but did not include pelvic fractures.
Descriptive statistics for the patient sample by group and fracture treatment are shown in Table 4 . There were no significant differences in age (P ⩾ 0.38), race (P ⩾ 0.70), extent (P ⩾ 0.35) and duration (P ⩾ 0.12) of SCI, and Charlson comorbidity indices (P ⩾ 0.11) among the patients with a single upper-extremity fracture, single lower-extremity fracture or multiple fractures based on treatment modality (surgical versus nonsurgical). There was a significant difference in level of SCI in those with single lower-extremity fractures based on treatment modality (Table 3 , P = 0.04).
A minority of patients (n = 121, 9.4%) and fractures (n = 127, 6.4%) were treated with surgery; 132 surgical procedures were performed. Among specific fracture sites, hip fractures were the most common fracture site treated with surgery (35 of 253 fractures; 13.2%), followed by femur fractures (45 of 419 femur fractures; 10.7%). The most common upper-extremity fractures to be treated with surgery were humerus fractures (7 of 96 humerus fractures, 7.3%) ( Table 3) . Tables 5A and 5B , detail the type of surgery by fracture location. Open reduction with internal fixation (ORIF) was most common surgical procedure performed overall and accounted for 95 (72.0%) of the 132 surgical treatments.
Amputations and disarticulations occurred in only 25 of 1979 fracture events (1.3%). Amputations and disarticulations were most commonly done (in 75% of cases) more than 6 weeks following the incident fracture. There were 26 amputations and disarticulations among 24 patients. Of the 22 patients who only had a single amputation or disarticulation of the lower extremity, the distribution of fracture sites was as follows: above-the-knee amputations (AKAs) followed two femoral neck fractures, one intertrochanteric fracture, nine femur fractures, four tibia/fibula fractures and one ankle fracture; below-the-knee amputations (BKA) followed four tibia/fibula fractures; one disarticulation followed a femur fracture. Figure 1 Study sample.
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There were two additional amputations including one finger amputation and one toe amputation. All but one amputation or disarticulation (a finger amputation) was associated with lowerextremity fractures as detailed above.
One patient had an AKA 13 days post fracture, followed by a disarticulation of the hip 28 days later related to the same trochanteric fracture. Another patient experienced two AKAs from two distinct incident fractures, one of the femur and another of the tibia/fibula. The femur was the most common fracture site to undergo an amputation or disarticulation (n = 10; 7.9% of all surgically treated fractures, Table 5B ). The two disarticulations followed a trochanteric fracture and a femoral shaft fracture. Surgical codes before amputations were very rare, with only one amputation (an AKA) preceded by a surgical code for a primary fracture treatment (an ORIF, data not shown). Amputations and disarticulations were more common in patients with diabetes compared with those without (37.5 versus 14.6%, P = 0.14), a difference that while not statistically significant, may be clinically significant. Fifty percent of the patients undergoing an amputation had multiple fractures within the study period.
Arthroplasties were rarely performed (7 of 132 surgeries, 5.3%). Further examination of surgical therapies revealed that for hip fracture cases, arthroplasties were only performed for femoral neck fracture sites (4 of 169 femoral neck fractures, 2.4%).
There were few (forty-eight) E-coded fractures for accidental falls. Most commonly, accidental falls resulted in fractures of the tibia/ fibula.
Over a 1-year period following the last incident fracture there were 94 deaths in the cohort; 6 (5.0%) in the surgically treated group and 88 (7.6%) in the nonsurgically treated group, a difference that was not statistically significant (P = 0.71). There were no ICD-9 codes for HO identified in the year following an incident fracture in any patient.
DISCUSSION
Male veterans with chronic SCI had a substantial number of appendicular fractures. In this series, the majority of fractures occurred in the lower extremity, which is in accord with the distribution of fractures reported in previous literature. 16, 24 A minority of patients, 9.4%, received surgical treatment for a fracture, and this was most common for fractures at the hip. Amputations and disarticulations accounted for~20% of surgical treatments performed for fractures, though these occurred in o2% of all fracture events.
Despite advances in surgical treatments for fractures, 11, 12, 25 surgeries for appendicular fractures were rarely performed in this series. In another study of chronic SCI patients with femur and hip fractures by Bishop et al., 26 nonsurgical treatments were also more commonly done than surgical treatments for femur and hip fractures, although surgical treatments were more commonly reported (37% versus 9.4%) than in this cohort. The series described here differs from the Bishop report 26 in a number of important ways. First, both primary and secondary diagnostic codes were used (only 218 (32.4%) of the femur and hip fractures were classified as the primary diagnoses); second, inpatient and outpatient encounters with fracture codes were used; and last, only those with a traumatic etiology of SCI were included. In contrast, the series by Bishop et al. 26 examined only inpatients with a primary diagnostic code for a fracture and included both traumatic and nontraumatic etiologies of an SCI. 26 The inclusion of nontraumatic SCI in this prior study 26 may partially account for the greater frequency of surgeries reported because it is possible that fractures in nontraumatic SCI may be managed more like those in the general population.
In older studies, there was evidence that compared with more conservative measures, open surgical treatment of fractures in the setting of SCI might be associated with serious complications. 7, [27] [28] [29] The findings here suggest that this remains a common approach to fracture management today. Similar to hip fracture management outside of SCI, where hip fractures are almost always treated surgically, 30, 31 in this series, hip fractures were the most common fracture site to receive surgery.
A substantial percentage of the surgical procedures performed, particularly following femur fractures, were amputations. Amputations in this series were most commonly done more than 6 weeks following the fracture. Only one of the amputations was preceded by a surgical procedure code, an ORIF. Taken together, these findings suggest that limb-loss procedures more often than not were necessitated by unsuccessful nonsurgical treatments. In support of this, others have reported that nonsurgical treatment of fractures may be associated with complications 7, [27] [28] [29] and have observed good outcomes with primary surgical treatments. 32 In addition, several studies have suggested that surgical treatment of fractures in SCI patients may expedite post-fracture mobilization. 26, 32 Conversely, other reports 9, 28, 33, 34 have found nonsurgical treatments to be effective.
The exact reasons for amputations following nonsurgical treatment in this series are not known; however, they were not done for HO, as no patients in this series carried this diagnosis in the 1-year time period following the fracture.
There were no significant differences in mortality in surgically treated compared with nonsurgically treated fractures in this series. In accord with these findings, the Bishop report 26 of chronic SCI patients with hip and femur fractures also found no significant differences in mortality rates among those treated surgically versus nonsurgically.
There were several limitations to this study. Fracture treatment that may have occurred outside of the VA health-care system was not captured. There were a large number of fractures occurring at unspecified and ill-defined sites (485 of 2464 fractures initially identified in the cohort, 19.7%); the effects of excluding these fractures are not known. The reasons why a fracture may have failed initial nonsurgical treatment were not ascertained. Women represented only 3.0% of the VA SCD population and were therefore excluded to minimize heterogeneity in our sample. ASIA impairment scores were not included among the administrative data, nor was ambulatory Arthroplasty
Abbreviations: AKA, above-the-knee amputation; BKA, below-the-knee amputation; ORIF, open reduction with internal fixation. Total  3  27  2  1  5  46  23  7  2  1 Abbreviations: AKA, above-the-knee amputation; BKA, below-the-knee amputation; ORIF, open reduction with internal fixation.
status. It is recognized that there may be differences in the incidence and the distribution of fractures in chronic SCI based on gender. 24, 35 The sample of surgically managed fractures was small, limiting our ability to infer success or failure of surgical intervention. Finally, in the statistical analysis, no adjustments were done to account for multiple testing. Despite these limitations, there are a number of important strengths to this study. First, this is the largest series to date to examine treatment patterns following fracture in patients with SCI including both timing of surgery and type of surgical procedure done. More importantly, it indicates the need for prospective studies to determine the optimal treatment by fracture site in patients with chronic SCI.
In conclusion, appendicular fractures in SCI patients are frequent events and are rarely managed surgically within the VA health-care system. Prospective assessment to address optimal treatment (surgical versus nonsurgical) by fracture site in patients with chronic SCI is needed.
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